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New  Advances  in  the  Structural  and  Functional 
Relationships  of  Lipid  A  and  Its  Analogs  (Part  I) 


ession 


Sunday,  April  7  •  8:30  a.m.  - 12:00  noon 
Speakers'  Summaries  (in  order  of  presentation) 


LIPID  A  ANALOGS  AIMING  AT  PREVENTION  OF  THE  DELETERIOUS  EFFECTS 
OF  ENDOTOXIN;  STRUCTURE-ACTIVITY  RELATIONSHIPS. 

P.  Stuetz,  SANOOZ  Forschungsinstitut/  Vienna,  Austria. 


Despite  the  advent  ot  potent  new  antibiotics  with  a  broad 
spectrum  of  activity,  overall  morbidity  and  lethality  in 
patients  with  Gram-negative  bacteremia  have  not  changed  over 
the  years.  At  present,  two  different  approaches  are  being  pur¬ 
sued  with  lipid  A  analogs  to  prevent  the  deleterious  effects  of 
endotoxin  whose  dominant  role  in  septic  shock  has  been  well 
established. 

Highly  lipophilic  lipid  A  analogs,  i.e.  monosaccharidic  or  di- 
saccharidic  glucosamine-phosphates  that  contain  at  least  3  N,0- 
bound  long-chain  fatty  acids  per  glucosamine-phosphate  backbone 
have  the  ability  to  enhance  non-specific  resistance  to  bacteri¬ 
al  and  fungal  infections,  presumably  by  stimulating  the  secre¬ 
tion  of  colony  stimulating  factors,  and  by  priming  for  oxida¬ 
tive  burst  and  bacterial  killing  of  macrophages  and  neutro¬ 
phils.  These  events  are  paralleled  by  the  development  of  so- 
called  early-phase  tolerance  to  endotoxin,  a  reversible  state 
of  hyporesponsiveness  against  otherwise  lethal  doses  of  LPS. 
Paradoxically,  repeated  administration  of  this  class  of  com¬ 
pounds  potentiates  resistance  to  infections,  but  also  tolerance 
to  endotoxin  even  further  and  for  a  longer  period  of  time.  From 
the  limited  information  available  it  appears  that  this  class  of 
compounds,  like  LPS  or  lipid  A  are  also  good  adjuvants.  Pos¬ 
sible  modes  of  action  underlying  these  effects  will  be  dis¬ 
cussed. 

The  second  class  represent  much  more  polar  monosaccharidic  or 
disaccharidic  lipid  A  analogs  with  a  maximum  of  2.5  N,0. bound 
long-chain  fatty  acid  residues  per  glucosamine-phosphate  which 
can  directly  block  LPS-ef factor  mechanisms,  presumably  by  com¬ 
peting  with  LPS-binding  sites.  These  compounds  also  protec 
against  a  lethal  LPS-dose  in  rodents Their  adjuvant  effect 
have  not  been  investigated  so  far,  but  in  the  proiymphcid  70/3 
call  line,  prototype  compounds  are  able  to  effectively  bloc/, 
the  LPS-inducad  differentiation  into  mature  B  cells. 
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Synthetic  lipid  A  analogs  with  monosaccharide  backbone, 
which  are  nonpyrogenic  with  various  biological  activities 

12 

Motohiro  Matsuura  ,  Makoto  Kiso  and  Akira  Hasegawa" 

1  2 

Jichi  Medical  School,  Tochigi,  Japan  and  Gifu  University,  Gifu,  Japan. 

■  A  typical  lipid  A  (Escherichia  coli  type)  is  composed  of 
glucosamine  disaccharide  backbone  with  1 ,4' -bisphosphate  and  hexaacyl 
substituents  at  the  2,  2',  3  and  3'  positions.  We  have  synthesized 

lipid  A  analogs  with  monosaccharide  backbone  carrying  phosphate  and  acyl 
substituents,  and  their  biological  activities  examined.  Analogs  pos¬ 
sessing  monophosphate  and  triacyl  substituents  to  monoglucosamine  back¬ 
bone  were  genera -ly  active,  A  representative  analog  (GLA-60),  which  ex¬ 
hibits  various  immunomodulating  activities  such  as  induction  of 
mediators,  activation  of  B  cells  or  macrophages,  enhancement  of  non¬ 
specific  resistance  and  so  on,  has  a  3-hydroxy tetradecanoyl  (C^^^-OH),  a 
3-tetrad9canoyloxytetradecanoyl  (Cj^^-C-(Cj^))  and  a  phosphate  groups  at 
the  2,  3  and  4  positions  of  a  glucosamine  backbone,  respectively.  /  An 

analog  GLA-63  with  a  group  instead  of  a  group  in 

GLA-60  exhibited  as  high  activities  as  GLA-60,  but  the  activities  of 
GLA-64  with  a  group  diminished  markedly.  Moreover,  analogs 

with  a  tetradecanoyl  (0^4)  and  a  groups  as  acyl  substituents 

at  the  2  and  3  positions  (GLA-69  and  CLA-58)  were  nearly  nonactive. 
Tolerance  inducing  activity  against  lethal  toxicity  of  LPS  was,  however, 
observed  even  in  such  scarcely  active  analogs. _  The  most  interesting 
point  in  biological  activities  of  the  synthetic  nbnosaccharide  analogs 
is  that  neither  pyrogenicity  nor  Shwartzman  reactivity  is  exhibited  even 
by  the  highly  active  analogs  such  as  GLA-60  and  GLV-63. 
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CURRENT  STATUS  OF  THE  STRUCTURE-FUNCTION  RELATIONSHIP  OF  LIPID  A 

Kuni  Takayama 

Mycobacteriology  Research  Laboratory 
William  S,.  Middleton  Memorial  Veterans  Hospital 
Madison,  Wisconsin  53705 
and 

Department  of  Bacteriology,  CALS 
University  of  Wisconsin 
Madison,  Wisconsin  53706 

The  endotoxic  moiety  of  the  1 ipopolysaccharide  (LPS)  of  Gram-negative 
bacteria  is  the  lipid  A.  Since  its  "correct"  structure,  was  elucidated  in 
1983,  many  investigators  have  studied  the  structural  basis  for  the  numerous 
biological  activities  of  lipid  A.  This  included  chemical  synthesis  of  ana¬ 
logs.  From  all  these  studies,  one  can  reach  a  simple  conclusion  that  the  most 
endotoxic  lipid  A  structure  is  the  hexaacyl  diphosphoryl  lipid  A  found  in  the 
LPS  of  the  Salmonella  strains  and  Escherichia  coli  [4(1— '6)glucosamine  disac¬ 
charide  containing  phosphate  groups  at  the  1-  and  4' -positions,  H0Ci4  fatty 
acids  at  the  2-  and  3-positions,  C12OC14  at  the  2' -position,  and  C14OC14  at  the 
3' -position].  We  call  this  the  model  "toxic"  lipid  A.  A  departure  from  this 
basic  structure  leads  to  lower  biological  activities.  Nature  modulates  the 
biological  activities  of  this  toxic  lipid  A  by  controlling  (i)  the  number  of 
phosphate  groups  in  the  disaccharide,  (ii)  the  number,  kind,  and  size  of  the 
hydroxy  and  normal  fatty  acids  in  the  di saccharide,  and  (iii)  the  polar 
substituents  to  be  added  to  the  basic  structure.  Another  variation  that 
nature  has  devised  is  to  use  2,3-diamino-2,3-dideoxyglucose  in  the  disaccha¬ 
ride  backbone. 

A  model  "nontoxic"  lipid  A  can  be  obtained  from  the  LPS  of  Rhodopseudo- 
monas  sphaeroides.  It  is  closely  related  structurally  to  the  model  toxic 
lipid  A.  We  will  show  that  by  merely  reducing  the  fatty  acid  content  from  six 
to  five  and  lowering  the  size  of  the  hydroxy  fatty  acids  at  the  3-  and  3'- 
positions  from  C14  to  Cio,  the  toxic  lipid  A  is  converted  to  nontoxic  lipid  A. 
These  results  emphasize  the  strong  influence  of  specific  hydroxy  fatty  acids 
in  the  lipid  A  moiety  of  LPS  in  determining  its  endotoxic  property. 
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REGULATION  OF  NITRIC  OXIDE  SYNTHESIS  BY  LIPID  A  DERIVATIVES 

G.L.  Gustafson  and  M.J.  Rhodes 
Ribi  ImmunoChem  Research,  Inc.,  Hamilton,  MT  59840 


Recent  studies  in  several  laboratories  have  shown  that  LPS 
can  induce  the  expression  of  nitric  oxide  (NO)  synthetase  in 
macrophages  as  well  as  in  tissue  cells  of  animals.  Expression  of 
this  enzyme  in  macrophages  is  a  protective  response  since 
macrophage  production  of  NO  enhances  antimicrobial  and  antitximor 
activities.  However,  expression  in  tissue  cells  is  detrimental 
since  tissue  NO  is  a  mediator  of  endotoxin  shock.  In  the  present 
work  the  potentials  of  LPS  and  lipid  A  derivatives  to  regulate  NO 
synthesis  were  studied  1)  in  cultured  murine  peritoneal 
macrophages  (macrophage  model)  and  2)  in  intact  mice  (systemic 
model).  NO  production  was  quantified  indirectly  by  measuring  the 
accximulations  of  nitrite  and  nitrate  in  cell  culture  media  and  in 
blood  samples.  Lipid  A  derivatives  were  compared  with  regard  to 
their  activities  to  stimulate  NO  production  and  to  block  LPS- 
stimulated  NO  production.  The  regulation  of  NO  synthesis  in  the 
systemic  model  differed  in  many  ways  from  the  regulation  of 
macrophage  NO  synthesis.  These  included  1)  differences  in 
structure/activity  relationships  for  lipid  A  derivatives  between 
the  two  models,  2)  differences  in  the  kinetics  of  NO  production, 
and  3)  differences  in  the  patterns  of  blocking  of  NO  production 
by  lipid  A  derivatives.  Of  special  interest,  it  was  found  that 
monophosphoryl  lipid  A  (MPL)  did  not  enhance  systemic  production 
of  NO,  but  that  it  did  induce  NO  synthesis  in  cultured 
macrophages.  Based  on  all  of  the  differences  observed,  it  was 
hypothesized  that  tissue  cells  rather  than  macrophages  might  be 
the  major  producers  of  NO  in  mice  challenged  systemically  with 
LPS.  The  demonstrations  that  pretreatment  of  mice  with  MPL 
attenuated  the  ability  of  LPS  to  induce  systemic  NO  production 
but  did  not  itself  induce  NO  production  supported  the  view  that 
MPL  might  have  applications  as  a  prophylactic  drug  for  endotoxic 
shock . 
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New  Advances  in  the  Structural  and  Functional 
Relationships  of  Lipid  A  and  Its  Analogs  (Part  II) 


Sunday,  April  7  •  1:20  p.m.  -  4:00  p.in. 
Speakers'  Sunmiaries  (in  order  of  presentation) 


I 


I 


O^THREXPRESSION  OF  KDO  TRANSFERASE  ACTIVITY.  C.  R.  H.  Rastz .  Merck  Sharp 
and  Dohme,  Rahway,  NJ. 

An  autoradiographic  assay  applicable  to  colonies  immobilized  on  filter 
paper  was  developed  for  obtaining  temperature  sensitive  mutants  of 
Escherichia  coli  defective  in  the  transfer  of  3 -deoxy-D-manaa-octulosonic 
acid  (KDO)  from  CMP-KDO  to  a  tetraacyldisaccharide- 1 , 4 ' -bisphosphate 
precursor  of  lipid  A,  designated  lipid  IV^.  Cell -free  extracts  from  two 
mutants  found  in  a  population  of  30,000  mutagen  treated  cells  showed  normal 
KDO  transferase  activity  when  assayed  at  lO^C,  but  almost  no  activity  at 
42®C.  The  mutation  was  mapped  by  mating  one  of  the  mutants  with  different  j 

Hfr  strains  and  analyzing  genetic  linkage  of  KDO  transferase  activity  to  ! 

selectable  markers.  The  lesion  was  located  to  a  position  between  80-84  min  I 

on  the  E.  col  1  chromosome.  A  plasmid  from  the  Clarke  and  Carbon  I 

collection,  pLC17-24,  known  to  contain  genes  from  the  rf a  region  (81  min),  i 

was  shown  to  overexpress  KDO  transferase  activity  4-5  times  and  to  correct  j 

the  mutation  when  the  plasmid  was  conjugated  into  the  mutant  strains.  The  ' 

KDO  transferase  gene,  designated  kdtA.  was  subcloned  from  pLC17-24  into  a  i 

multicopy  vector.  The  resulting  plasmid,  pCD3,  overproduced  transferase  : 

activity  -100-fold.  The  kdtA  gene  was  shown  to  code  for  a  43  kDa  > 

polypeptide,  as  judged  by  radiolabeling  of  minicells.  Its  DNA  sequence  was  I 

determined.  The  results  demonstrate  that  over express ion  of  this  single 
gene  product  greatly  stimulates  the  incorporation  of  two  stereochemically 
distinct  KDO  residues  during  DPS  biosynthesis  in  extracts  of  E.  coli . 
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Modulation  of  Antibody  Isotype  by  Lipopolysaccharides  in 
Combination  With  Nonionic  Block  Copolymers 

Robert  L  Hunter 
Department  of  Pathology, 

Emory  University, 

Atlanta,  GA  30322 

Kuni  Takayama 
Mycobacteriology  Laboratory, 

William  S.  Middleton  Memorial  Veterans  Hospital, 

Madison,  Wl  53705; 

Nonionic  block  copolymers  and  lipopolysaccharides  are  both  effective 
immunologic  adjuvants  which  are  thought  to  act  via  distinct  mechanisms. 
We  hypothesized  that  they  might  produce  synergistic  effects  when  used 
together.  We  prepared  a  series  of  LPS  preparations  ranging  from  the 
smallest  precursor,  lipid  X  through  complete  LPS  with  0-polysaccharide 
chains.  Three  preparations  with  reduced  toxicity,  monophosphoryl  lipid  A, 
partially  hydrolyzed  Ra-LPS  and  LPS  of  R.  sphaeroides  were  also  utilized. 
All  LPS  preparations  except  the  smallest  were  effective  adjuvants  for 
inducing  early  antibody  responses  to  TNP-HEA  when  injected  in  squalane- 
in-water  emulsions  with  copolymer  L141.  Only  the  larger  LPS 
preparations  induced  sustained  antibody  responses.  By  itself,  emulsions 
of  copolymer  LI 41  induced  a  predominant  IgGi  antibody  isotype  response 
with  lesser  amounts  of  lgG2a  and  lgG2b.  Surprisingly,  all  of  the  LPS 
preparations  tested  increased  the  proportion  of  lgG2  isotypes  even  though 
some  had  little  effect  on  overall  titers.  The  detoxified  Ra-LPS  (Ra-detox) 
was  the  most  effective  preparation  for  both  increasing  antibody  titers  and 
inducing  the  desirable  lgG2a  and  lgG2b  isotypes.  These  results 
demonstrate  that  the  combination  of  LPS  and  block  polymer  adjuvants  can 
produce  synergistic  effects  without  unacceptable  toxicities. 
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Lipid  A-like  Mol«cul6s  Antagonize  the  Effects  of  Endotoxins  (»n  Human 
Monocytes  and  Neutrophils.  Douglas  Colenbock,  M.D.,  Boston  City  Hospital, 
Boston  MA.  ‘  Lipopolysaccharidc  (LPS)  is  implicated  as  the  bacterial  product  responsible  for  the 
clinical  syndrome  of  ^am-negative  bacterial  septicemia.  Although  the  lipid  A  domain  of  LPS 
appears  to  be  responsible  for  the  toxicity  of  endotoxin,  lipid  A  from  the  photosy  nthenc  bacterium 
Rnodobacter  sphaeroide$  (RSLA),  two  dtsaecharidc  precursors  of  lipid  A  from  enteric  bacteria 
termed  lipid  IV^and  KD02-lipid  IV^  and  the  monosaccharide  lipid  A  precursor  lipid  X  have  little 
stimulatory  activity  on  human  cells.  Using  human  mononuclear  and  polymorphonuclear 
phagocytes,  we  have  shown  that  these  molecules  are  specific  antagonists  of  LPS.  Complete, 
apparently  competitive,  inhibition  of  LPS  activity  of  both  monocytes  and  neutrophils  was  possible 
at  a  10-foid  excess  of  the  disaccharide  antagonists,  as  judged  by  measuring  the  release  of  cytokines 
and  PG£2  from  monocytes  or  the  surface  expression  of  CD)  lb/CD18  (CR3).  The  LPS  inhibitors 
had  no  effect  on  the  stimulation  of  monocytes  by  purified  protein  derivative  from  Mycohacierium 
tubarcultjsis  or  hcai-killcd  Staphylococcus  aureus  nor  on  neutrophil  CR3  upregulation  by  TNFa. 
forrayl-mei-leu-phe  or  phorbol  myristate  acetate.  Lipid  X  had  no  activity  when  tested  against 
monocytes  (up  to  a  concentration  of  I  iJ.g/ml)  and  did  not  inhibit  LPS-induction  of  TNFa  or  PGE2 
release.  At  high  concentrations  (10  lipid  X  acted  as  an  antagonist  when  tested  agaiast 

LPS-induced  P.MN  responses.  The  effect  of  the  disaccharide  inhibitors  could  not  be  removed 
when  treated  monocytes  or  neutrophils  were  extensively  washed  and  then  exposed  to  LPS.  In 
contrast,  the  effects  of  lipid  X  could  easily  be  washed  away  from  treated  PMN  suggesting  either 
that  lipid  X  rapidly  dis.sociates  from  neutrophil  LPS  receptors  or  inhibits  LPS  through  non¬ 
competitive  means  (such  as  sequestration  of  LPS).  The  lipid  A-based  inhibitors  may  be  useful  in 
the  design  of  novel  therapeutic  agents  for  gram-negative  bacterial  septicemia. 
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Hoat^y^aponsea  to  LPS  and  B»et»rla. 


C.Salanoa  and  M. A.Freudanbar? 

Max-Flanck"!natituc  fUr  Intmuxtbiologi#/  7d00  Fralbur?/  T9.Q 

Tha  lathal  toxicity  ot  LPS  la  madlatad  by  macrophagaa  through  tumor 
nacroaia  factor  a  (TNFa)  which  la  probably  tha  primary  mediator  of  the 
lethal  activity  of  LPS.  LPS  lethality  may  be  completely  inhibited  by 
anti**TMFa  antlbodlea.  Smooth  and  rough  (Ra^Re)  LPS  as  well  aa  free 
enterobacterial  lipid  A  induce  lethal  effects  in  D-galactosamine 
treated  mice.  Synthetic  hexaacylated  lipid  A  (5C6}  and 
monophosphorylated  tetraacylated  lipid  A  precursor  Za  (4C6)  were  also 
active.  The  ability  of  synthetic  compounds  506  and  406  to  stimulate 
macrophages  to  produce  TNFo  in  vitro  was  determined  and  compared  to 
that  of  LPS.  The  experimenta  revealed  that  all  3  agents  exhibited 
similar  effects  in  cultures  of  mouse  macrophages.  However  only  LPS;  but 
not  compound  506  or  406#  stimulated  TNFa  in  cultures  of  hu.Tiar. 
macrophages,  tt  indicates  that  different  structural  prerequisites  may 
be  required  in  different  animal  species  and/or  different  macrophage 
populations  may  respond  differently  to  different  LPS  substractures . 

Like  lethality  also  the  tolerance-inducing  properties  of  LPS  are 
mediated  by  macrophages  through  TNFa.  Pretreatment  of  mice  with  minute 
amounts  of  LPS  or  TNPa  will  protect  them  to  a  subsequent  challenge  wirh 
lethal  amounts  of  either  agent  in  D-GalN  sensitised  mice. 

TNra  is  the  mediator  of  the  lathal  activity  of  gram-negative  ar.d 
gram-poaitive  bacteria.  While  several  mg  of  purified  LPS  will  not  kil. 
D-GalN  treated  LP3-reaiatant  mice;  a  few  v^g  of  the  same  bacteria  do  so 
very  effectively.  This  is  evidence  for  the  presence  of  shock  inducing 
components,  other  than  LPS,  in  gram-negative  bacteria.  Killed 
gram-positive  bacteria  also  exhibit  lethal  affects  in  D-GalN  sensitized 
LPS-sen8itive.^and  -resistant  mice.  The  lethal  activity  of  gram-negative 
and  -positive  bacteria  may  be  inhibited  by  ar.ti-TNra  antibodies.  This 
is  evidence  that  TNPa  is  a  common  mediator  of  the  lethal  activity  of 
gram-negative  and  -  positive  bacteria.  Minute  amounts  of  both  types  of 
bacteria  when  used  to  pretreate  mic*i,  induce  non-specific  resistance  to 
LPS  and  to  their  own  lethal  effects,  and  vice  versa. 
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lening  Workshop 
Implications  and  Consequences  of  Lipid  A 

Administration 


Sunday,  ^ril  7  •  7:30  p.m. 


»ssion  m 

Cellular  Mechanisms  and  Cytokines 

Monday,  ^ril  8  •  8:30  ajn.  - 12:00  noon 
Speakers'  Summaries  (in  order  of  presentation) 


Inactivation  of  Suppressor  T  Call  (Ts)  Activity  by  Monopbosphoryl 
Lipid  A  (NPL)  and  Its  structural  Analogs  (p.j.  BaJear) 

Previous  studies  have  shown  that  treatment  with  MPL  abrogates 
the  expression  of  Ts  activity  without  adversely  effecting  other 
T  cell  functions  (e.g.,  helper  and  amplifier  T  cell  activity) .  LPS- 
responsive  (lips'*)  and  LPS-defective  (LPS*^)  strains  of  C3H  mice  do 
not  differ  in  their  capacity  to  make  an  antibody  response  to  Type 
III  pneumococcal  polysaccharide  (SSS-III)  or  in  the  degree  of  Ts 
activity  generated  after  exposure  to  this  antigen;  however,  treat¬ 
ment  with  MPL  abolishes  the  expression  of  Ts  function  in  IPS'*  — 
but  not  in  LPS**  —  mice.  This  suggests  that  these  mice  may  differ 
with  respect  to  the  presence  of  (a)  a  cell-surface  receptor  needed 
for  the  specific  binding  of  MPL  to  activated  Ts,  and/or  (b)  an 
unique  biochemical  pathway  in  Ts  that  is  sensitive  to  MPL.  Several 
synthetic  analogs  of  lipid  A  were  tested  to  obtain  relevant  infor¬ 
mation  on  this  issue.  The  results  obtained  suggests  that  the  mini¬ 
mal  structural  unit  required  to  produce  the  effects  described  is  a 
diglucoseamine  to  which  must  be  attached  at  least  5  fatty  acids 
with  perhaps  one  of  them  being  an  acyloxyacyl  fatty  acid  at  the  2  ’ 
or  3'  position.  The  ability  of  MPL  or  its  analogs  to  inactivate  Ts 
function  appears  to  be  independent  of  its  ability  to  polyclonal ly 
activate  B  cells  and  the  number  of  phosphate  groups  present. 
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IMMUNOREGULATION  BY  LIPID  A  ANALOGS .  Arthur  G.  Jnhnann.  Marilyn  Odean.  gnd 
Akira  Hase^awa.  University  of  Minnesota,  Duluth,  MN  and  Gifu  University, 
Gifu,  Japan. 

LPS  can  either  enhance  or  suppress  th-^  immune  response  depending  on  its 
time  of  administration  relative  to  antigen.  Our  current  research  is 
directed  towards  (a)  determining  the  minimal  structural  requirements 
responsible  for  enhanced  antibody  titers  and/or  their  down  regulation,  and 
(b)  identifying  the  target  cell(s)  and  mediator (s)  initiating  both  of  these 
regulatory  phenomena.  In  earlier  studies  with  monophosphoryl  lipid  A 
(Ribi)  we  have  implicated  a  Thi.  cell  as  the  initial  target  cell  and 
secretion  of  interferon  gamma  as  vital  to  the  enhancing  action.  In 
addition,  suppression  of  antibody  was  also  induced  by  MPL  when  given  before 
antigen.  Thus,  neither  KDO  nor  the  reducing  sugar  phosphate  is  required 
for  these  actions. 

Recently,  a  number  of  glycol ipids  representing  the  non- reducing  moiety 
of  lipid  A  have  been  synthesized  and  characterized  by  Hasegawa,  et  al.  We 
have  initiated  testing  of  three  of  these  analogs  for  their  ability  to 
suppress  PFC  formation  when  given  before  antigen.  Our  findings  to  date 
indicate  that  25  ng  of  GLA  27  and  GLA  60  injected  ip  effectively  suppressed 
the  murine  PFC  response.  However  compound  47,  was  ineffective,  even  at 
twice  the  dosage.  Examination  of  their  structural  differences  revealed 
that  addition  of  a  Ci_4-0-acyl  group  to  the  Ci4  fatty  acid  at  the  R'3  site 
to  GLA  27  (which  then  becomes  GLA  47)  inactivated  the  capacity  to  suppress 
PFC  formation.  However,  keeping  the  O-acyl  linkage  on  R'3  but  removing  it 
from  the  Ci4  fatty  acid  on  R'2  (now  GLA  60)  once  again  permitted 
suppression  to  be  expressed.  No  significant  pattern  emerged  from  the 
suppression  induced  by  three  other  analogs. 
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EARLY  ENDOTOXEN  TOLERANCE;  A  MODEL  FOR  DIFFERENTIAL 
CYTOKINE  INDUCTION  AND  GENIE  EXPRESSION  BY  LPS  AND  MPL. 
Stefanie  N.  Vogel  and  Beth  E.  Henricson,  Uniformed  Services 
University  o:  the  Health  Sciences,  Bethesda,  MD  20814  USA. 

Previous  studies  have  shown  that  both  smooth 
lipopolysaccharide  (LPS)  and  the  non-toxic,  lipid  A  derivative, 
monophosphoryl  lipid  A  (MPL),  are  capable  of  inducing  a  state  of 
"early  endotoxin  tolerance"  (EET)  in  mice;  however,  one  needs 
significantly  more  MPL  than  LPS  to  achieve  a  level  of  desensitization 
comparable  to  that  induced  by  LPS.  Since  cytokines  have  been 
implicated  in  the  induction  of  EET,  we  examined  levels  of  cytokines 
induced  by  LPS  vs.  MPL  and  found  that  although  comparable  levels 
of  CSF  were  induced  by  tolerizing  doses  of  each,  the  levels  of  other 
cytokines  (e.g.,  TNF,  IL-6,  and  IFN)  are  markedly  reduced  in  animals 
injected  with  MPL.  An  in  vitro  model  of  LPS  desenstization  was 
established  to  dissect  the  problem  further.  Briefly,  the  macrophage 
cell  line.  RAW264.7,  or  thioglycollate-elicited  peritoneal  exudate 
macrophages  were  exposed  first  to  medium.  LPS,  or  MPL  for  20  hr 
and  then  "challenged"  with  LPS  for  an  additional  20  hr  and  the  level 
of  TNF  produced  in  the  supernatants  measured.  As  was  observed  in 
vivo,  significantly  more  MPL  was  required  to  induce  the  same  level 
of  desensitization  induced  by  LPS.  Finally,  induction  of  transcription 
of  "early"  endotoxin-induced  genes  was  compared  in  macrophages 
treated  with  LPS  vs.  MPL.  For  seven  genes  examined,  the 
concentration  of  MPL  required  to  induce  transcription  of  LPS- 
induced  "early"  gene  expression  ranged  from  20-  to  2500-fold  that  of 
LPS,  depending  on  the  individual  RNA  species  analyzed.  This 
approach  should  provide  significant  insights  into  the  mechanisms  by 
which  LPS  and  MPL  transmit  their  respective  signals  and  result  in 
toxic  vs.  beneficial  effects  in  the  host.  (Supported  by  USUHS  R07338 
and  N.MRDC  63706.0095.001). 
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Induction  and  modulation  of  iL«1,  IL-6,  and  TNF  production  by  LPS  and  its 
partial  structures 

H.'D.FIad,  Department  of  Immunology  and  Ceil  Biology,  Forschungsinstitut  Borstel, 
D'2061  Borstel,  FRG 

Bacterial  lipopolysaccharides  (LPS)  consist  of  a  hydrophilic  heteropolysaccharide 
component  and  a  covalently  linked  hydrophobic  lipid  portion  termed  lipid  A.  In 
studying  the  structure-function  relationship  of  LPS  and  lipid  A  partial  structures  it 
could  be  established  that  S-  and  R-form  LPS  are  very  potent  inducers  of  IL-1  and 
TNF  in  human  monocytes  in  vitro,  while  synthetic  S.minnesota  heptaacyl  lipid  A 
(compound  516)  and  the  monophosphorylated  partial  structures  (compounds  504  and 
505)  were  less  active.  Evidence  is  presented  that  the  synthetic  tetraacyt  partial 
structure  of  E.coli  lipid  A  (precursor  la,  compound  406)  and  the  monosaccharide 
structure  (lipid  X,  compound  401)  do  not  induce  IL-1,  IL-6,  and  TNF,  but  modulate 
LPS-induced  cytokine  production.  These  compounds  are  able  to  suppress  and/or 
delay  LPS-induced  TNF  and  IL-1 8  in  a  concentration-dependent  fashion.  Compound 
406  is  not  able  to  inhibit  phorbol-12-myristate- 13-acetate  (PMA)-induced  TNF  and 
lL-1  release,  which  suggests  that  its  modulating  effect  is  LPS-specific.  Evidence  is 
presented  which  indicates  that  the  modulating  effect  of  compound  406  on  LPS- 
induced  cytokine  production  is  due  to  a  competition  of  binding. 
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LPS  PROCESSING  BY  PHAGOCYTES  --  AIT  UPDATE.  R.  S.  Mimford 
Texas  Southwestern  Medical  Center,  Dallas,  TX. 

Phagocytes  process  LPS  principally  by  hydrolyzing  the  fatty  acyl  chains 
and  phosphates  from  lipid  A,  leaving  the  saccharide  chain  (O-antigen) 
largely  intact.  Of  the  catalytic  enzymes  known  to  take  part  in  LPS 
degradation  by  animal  phagocytes,  acyloxyacyl  hydrolase  (AOAH)  has  been 
most  intensively  studied.  This  enzyme  removes  the  secondary  acyl  chains 
from  LPS,  producing  a  lipid  A  moiety  that  resembles  the  LPS  precursor  IVa 
and  synthetic  analog  406.  In  keeping  with  the  reported  bioactivities  of 
these  lipid  A  partial  structures,  enzymatically  deacylated  S.  t''/phimurium. 
E.  coli ■  £.  aeruginosa,  and  H.  inf luenzap  LPSs  are  non-toxic  (e.g.,  unable 
to  stimulate  human  vascular  endothelial  cells)  yet  retain  other  biological 
activities,  including  murine  spleen jtell  mitogenicity .  Interestingly, 
Neisseria  LPS  is  unable  to  elicit  murine  spleen  cell  mitogenesis  and  will 
inhibit  the  stimulatory  ability  of  other  LPSs  in  this  assay  system.  It 
therefore  appears  that  the  contribution  of  the  lipid  A  secondary  acyl 
chains  to  the  bioactivity  of  a  given  LPS  cannot  be  predicted  from  the 
bioactivities  of  the  existing  lipid  A  analogs;  possible  explanations  for 
this  observation  will  be  discussed. 
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Non-Specific  Increases  in  Resistance 

Monday,  April  8  •  1:30  pjn.  -  4:45  p.m. 
Speakers'  Siumnaries  (in  order  of  presentation) 


■Role  of  the  Puri  noreceptor  in  Endotoxin 

Activation  of  RAW264.7  Macrophages*. 

T.  TANKE,  H.  RHIM,  J-W.  VAN  OE  LOO,  P.S. 
LEVENTHAL,  R.A.  PROCTOR.*  and  P.J.  8ERTICS.  Univ.  of 
Wise.  Medical  School,  Madison,  WI. 

Studies  of  LPS-induced  release  of  toxic  mediators 
from  macrophages  have  implicated  G-proteins  on  the  basis 
of  pertussis  toxin  (PT)  inhibition  of  IL-1  release. 
However,  direct  studies  of  G-protein  activity  have  not 
been  reported.  Hence,  we  isolated  membranes  from 
RAW264.7  macrophages  and  studied  GTPase  activity  as  a 
measure  of  G-protein  activation.  Kinetic  analyses 
showed  maximal  LPS-induced  increase  {3-fold)  of  velocity 
within  15  min  that  is  enhanced  by  ATP,  AOP,  AMPPNP, 
ammonium  sulfate,  but  is  PT  insensitive,  even  though  PT 
was  able  to  ribosylate  a  40k0a  protein.  However,  AOP 
doses  that  inhibit  ATPase  activity  stimulated 
LPS-induced  GTPase  activity.  Lipid  X,  which  reduces 
LPS-lethality,  dose-dependently  blocked  LPS-activation 
of  the  GTPase  in  the  presence  of  ATP.  These  effects 
appear  specific  as  other  lipids,  detergents,  and 
glycosides  neither  stimulated  nor  inhibited  LPS-induced 
GTPase  activity.  Thus,  LPS  may  activate  macrophages  via 
coupling  a  G-protein  to  a  membrane  receptor,  and  this 
interaction  may  be  modulated  by  ATP.  As  ATP  infusion 
causes  shock  and  death,  LPS  might  cause  toxicity  by 
sensitizing  cells  to  ambient  ATP  levels. 


IDENTIFICATION  AND  CHARACTERIZATION  OF  LPS  BINDING  PROTEINS  ON 
MAMMALIAN  CELLS.  M.-G.  Lei.  T.-Y.  Chen.  J.  Hailing,  S.  Reid,  L  Flebbe  and  D.  C. 
Morrison.  Univ.  of  Kansas  Medical  Center,  Kansas  City,  KS  66103. 

Studies  from  our  laboratory  have  focused  upon  the  identification  and 
characterization  of  endotoxic  lipopolysaccharide  receptors  expressed  on  mammalian 
lymphoreticular  cells.  These  experiments  have  employed  a  photoactivatable  disulfide 
reducible  radioiodinated  derivative  of  LPS  synthesized  by  our  laboratory  (Wollenweber  and 
Morrison,  J.  Biol.  Chem.,  260,  15068,  1985).  Using  S-LPS  from  E.  coli  0111:B4  we 
identified  a  membrane  glycoprotein  of  approximately  80  kDa  on  mouse  lymphocytes  and 
macrophages  which  manifest  a  number  of  properties  consistent  with  it’s  functioning  as 
a  specific  LPS  receptor.  Our  studies  suggest^  that  binding  specificity  for  this  80  kDa 
protein  was  for  the  lipid  A  region.  We  have  recently  confirmed  this  hypothesis  by  the 
synthesis  of  photoderivatized  LPS  from  the  deep  rough  S.  minnesota  Re  chemotype  LPS, 
where  binding  to  an  80  kDa  protein  can  readily  be  demonstrated.  Extension  of  these 
studies  to  selected  subpopulations  of  human  peripheral  blood  cells  has  confirmed  the 
existence  of  similar  80  kDa  proteins  on  polymorphonuclear  leukocytes,  monocytes,  B  and 
T  lymphocytes  and  platelets.  These  proteins  are  not  detectable  on  human  er^hrocytes. 
Competitive  inhibition  studies  readily  demonstrate  inhibition  of  binding  to  the  80  kDa 
protein  with  a  variety  of  LPS  and  lipid  A,  including  that  from  R.1  spheroides  but  not  with 
a  variety  of  peptidoglycans.  We  have  recently  begun  characterization  of  a  second  LPS 
binding  protein  of  approximate  molecular  mass  38  kDa.  Of  interest,  photoderivatized 
binding  of  LPS  to  this  protein  is  inhibited  by  both  S  and  R  chemotype  LPS  but  not  by 
purified  Lipid  A.  The  functional  role  of  this  38  kDa  protein  remains  to  be  defined 
(Supported  by  Al  23447). 
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Protective  Effects  of  Monophosphoryl  Lipid  A 
in  Models  of  Sepsis  and  Endotoxeaia 

J.T.  Ulrich,  Y.M.  Hudson,  and  J.R.  Ward 
Ribi  InmunoCheo  Research,  Inc.,  Hamilton  MT  59840 

Monophosphoryl  lipid  A  (MPL)  and  3-0  deacylated  MPL  (3D-MPL) 
are  prepared  by  partial  degradation  of  Re  LPS  from  Salmonella 
Minnesota  R595.  These  materials  are  greatly  attenuated  with 
respect  to  their  toxic  activities.  A  major  focus  in  our 
laboratory  has  been  to  evaluate  the  ability  of  these  sxibstances 
to  enhance  non-specific  resistance  to  bacterial  challenge  and  to 
protect  against  lethal  endotoxemia.  Pretreatment  of  mice  (I.P.) 
with  25-50  ng  MPL  or  3D-MPL  results  in  maximal  protection  (80- 
100%  survival)  to  Escherichia  coli  (5  x  10*  CPU)  given  48  hr. 
later.  Increased  non-specific  resistance  in  this  model  was 
temporary.  Less  than  10%  survival  was  observed  if  the  challenge 
was  given  5  days  after  MPL  or  30-MPL  treatment.  Experiments  in 
which  mice  received  multiple  treatments  with  3D-MPL  prior  to 
challenge  indicated  that  a  minimum  of  6  days  was  required  before 
re-treatment  could  elicit  maximtom  protection.  D-galactosamine 
(D-gal)  treatment  profoundly  sensitizes  mice  to  endotoxin/LPS . 
Using  the  D-gal  model  we  have  found  that  3D-MPL  pretreatment 
(I.v.)  produces  a  hyporesponsive  state  to  LPS  that  occurs  within 
6  hrs.  and  which  persists  for  48  hrs.,  with  protection  rapidly 
declining  by  72  hrs.  Multiple  dosing  studies  with  3D-MPL  given 
daily  or  every  other  day  demonstrated  that  this  hyporesponsive 
state  to  LPS  challenge  could  be  extended  for  up  to  7  days.  Tumor 
necrosis  factor  (TNFa)  production  by  macrophages  in  response  to 
LPS  stimula*'  .  rn  has  been  shown  to  mediate  lethality  in  D-gal 
comprom:. .  mi  .  Changes  in  TNFa  concentrations  in  mouse  sera 
were  me  ired  following  D-gal/LPS  challenge.  Mice  pretreated  with 
3D-MPL  f..  educed  only  30%  as  much  serum  TNFa  as  control  mice  when 
challenged  with  LPS.  D-gal  treatment  of  mice  has  also  been  shown 
to  increase  their  sensitivity  to  the  direct  toxic/lethal  effects 
of  human  recombinant  TNFa  (hrTNFa).  We  found  that  3D-MPL 
pretreatment  eUjrogates  the  toxicity  of  injected  hrTNFa.  We  have 
conducted  a  series  of  studies  in  rabbits  designed  to  evaluate  the 
effect  of  3D-MPL  pretreatment  on  a  subsequent  lethal  challenge 
(35  jigAg)  OS’  pyrogenic  challenge  (40  ng/kg)  of  Salmonella 
abortus  e^i  LPS.  Pretreatment  of  r2d3bits  I.V.  with  3D-MPL  over 
a  non-pyrogenic  dose  range  of  2.5  tigA?  to  12.5  jigAg  provided 
significant  protection  (80-100%)  to  a  lethal  challenge  of  LPS 
given  24  hrs.  later.  However,  pretreatment  with  non-pyrogenic 
doses  of  3D-MPL  (<12.5  ugAg)  did  not  significantly  alter  the 
biphasic  fever  response  to  a  pyrogenic  (40  ngAg)  challenge  of 
LPS.  Of  interest  was  that  rabbits  treated  with  doses  of  3D-MPL 
in  excess  of  50  ^gAg  exhibited  a  monophasic  fever  (peak  at  1.0 
hr.),  yet  when  challenged  24  hrs.  later  with  40  ngAg  LPS  they 
appeared  to  be  refractile  with  respect  to  the  second  fever  peak 
typically  seen  at  2. 5-3.0  hr.  in  control  raUsbits.  These  studies 
taken  collectively  have  suggested  to  us  that  3D-MPL  may  have 
prophylactic  value  in  auneliorating  the  problem  of  sepsis  and 
septic  shock  in  clinical  medicine. 
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Honophoaphory-l  Lipid  A  <is  Prophylaxis  for  :>urgicAl  Vound  Infection 

A  Phas«  l/II  Sriidy 

j.  David  Beatty^,  Jon  A.  Rudbach'.  Merle  Smith'.  Tcrrv  Ulrich’.  Angel (ss  Mison' , 
Kenneth  B.  Vott  Eschcn’.  Barbafti  G.  Beat-ty’.  Jose  Esteban' 

'  Division  of  Surgery,  city  of  Hope  National  Medical  Center.  Di^arte  CA 

*  Ribi  louBunochea  Inc.  Haailton  MT 

’  Division  of  Pathology,  City  of  Hope  National  Medical  Center.  Duarte  CA 

This  study  was  undertaken  to  examine  the  effect  of  monophosphoryl  lipid 
A  (MPL),  an  attenuated  analogue  of  toxic  lipid  A.  as  a  nonspecific  pre- 
operative  immune  .stimulant  in  patients  undergoing  complex  surgical,  resections 
for  head  and  peek  cancer.  MPL  was  given  24-48h  prior  to  the  -surgical 
procedure.  All  patients  received  prophylactic  cephoxicin  and  gentamicin  for  1 
days  beginning  8  hours  prior  to  surgery.  Patients  were  observed  for  toxicity, 
wound  complications  and  systemic  complications.  Hematological,  biochemical 
and  iofflunological  blood  tests  were  performed  pre-rLPL  infusion:  2h  and  2'*h 
post -MPL:  pre -surgery;  and  '3,  7  and  28  days  after  surgery. 

Escalating  doses  of  MPL  ware  given  to  19  patients:  10  Mg/o*  (2  pt)  .  35 
Mg/m’  (2  pr.)  and  100  Mg/m*  <13  pt).  At  100  Mg/m’-  ilOX  of  patients  (9/lj)  had 
MPL  related  toxicity  including  chills  and  rigor  (8/15).  fever  (7/15). 
headache  (4/15).  muscle  pain  (2/15).  lecharg.v  (1/15)  and  weakness  (1/15). 

There  were  14  grade  1.  9  grade  2.  and  1  grade  3  toxicities.  To  decrease 
toxicity  during  the  study,  the  dose  of  MPL  was  limited  to  the  greater  of  200 
fig  or  2.5  fig/kg  ideal  body  weight  in  patients  with  body  surface  area  over  2a’. 

At  100  pg/m*  MPL,  7/15  patients  had  surgical  wound  complications 
including  decreased  flap  viability  (6/15).  erythema  (6/15),  induration  (4/15). 
infection  (2/13).  fistula  (1/15),  skin  contamination  (1/15)  and  dehiscence 
(1/L5).  Postoperacively .  all  patients  (1.3/15)  had  fever  and  one  patient  had 
respiratory  tract  Infection.  Thera  were  no  cardiac  or  renal  complications. 

No  association  was  noted  between  )1PL  toxl-city,  and  local  or  systemic 
complications . 

Standard  hematological  and  biochemical  tests  were  unaffected  by  .MPL 
except  for  neutrophil  count.  Juvenile  neutrophils  (bands)  were  increased  from 
to  6X  at  2h  post -.MPL  and  mature  neutrophils  from  664  to  78X.  By  24h  they 
had  returned  to  normal.  The  surgical  procedure  resulted  in  a  rise  in 
neutrophils,  platelets,  fibrinogen  and  liver  function  tests. 

Levels  of  imnivinog] obulin  (IgG.  IgA.  IgM) .  microglobuiin.  complement 
(Cjc.  C4).  l^nnphocyre  markets  (CD2,  CD4.  CDS.  CD20.  CD25.  DR.  SK) . 
monocyte/macrophage  adherence  and  phagocytosis,  monocyte  superoxide  dysmucase. 
tetanus  toxoid  recall  and  the  evtokines  IL-2.  GM-C.SF  and  7- INF  were  not 
affected  by  MPL  infusion.  The  levels  of  serum  CRP  were  elevated  by  both  ilPL 
and  surgerv.  Serum  IL-6  and  TNF -a  were  normal  (<10og/ml)  pre-MPL  and  24h 
post-MPL.  At  2h  post-MPL  lL-6  was  elevated  In  11/15  patients  (358  ±  109 
Mg/ml)  and  TNF-flf  was  elevated  In  8/15  patients  (32.3  ±  9.  .1  ^g/oi).  Level .«! 
returned  to  normal  by  24h  post-MPL.  Correlation  was  noted  between  IL-6  and 
TNF-a  levels,  and  between  these  cytokines  and  toxicity.  Neopterin  levels  were 
increased  at  24h  post-MPL  in  13/13  patients. 

In  conclusion,  prophylactic  MPL  wae  safely  adaiinj.st eted  prior  to  major 
surgical  procedures  and  restileed  In  non-specific  indications  of  an  immune 
response  and  Increased  levels  of  cytokines  a-ssociated  with  macrophage 
activation.  Confirmation  that  prophylactic  MPL  significantly  decreases  the 
incidence  of  local  wound  sepsis  would  require  a  large  multi -center  trial . 
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Induction  of  Endotoxin  Toloranco  by  Nontoxic  DoriTXtiTOs  of 

I.ipid  A 

ff''  Marie  S.  Aatiz,  M.D. 

Associate  Professor  of  Medicine 
St.  Vincent's  Hospital  and  Medical  Center  of  Hew  Yorlc 
New  York,  New  York 

Several  nontoxic  derivatives  of  endotoxin  (LPS)  and  lipid  A  have  been 
recently  isolated.  These  substances  are  significantly  leas  toxic  than  the  parent 
molecule  yet  maintain  the  beneficial  immunomodulatory  activities  of  endotoxin.  We 
have  been  particularly  interested  in  the  ability  of  these  substances  to  modify  the 
systemic  toxicity  of  endotoxin  and  to  induce  endotoxin  tolerance. 

Monophosphoryl  lipid  A  (MPL)  is  a  nontoxic  derivative  of  lipid  A  which  lacks 
a  phosphate  group  at  the  reducing  end  of  the  molecule.  The  ability  of  MPL  to 
modulate  endotoxin  activity  was  examined  in  several  studies. 

In  initial  studies,  rats  were  pretreated  with  5.  Minnesota  monophosphoryl 
lipid  A  fifteen  minutes  prior  to  endotoxin  infusion.  A  significant  attenuation  of 
the  decrease  in  arterial  pressure  and  decrease  in  cardiac  output  was  observed  in 
MPL  treated  animals.  Mean  arterial  pressure  (MAP)  decreased  from  134  mmHg  to  90 
mmHg  and  cardiac  output  (CO)  decreased  from  356  ml/kg/min  to  229  ml/kg/min  in  LPS 
animals  while  the  animals  pretreated  with  MPL  showed  no  significant  changes  in  MAP 
or  CO. 

In  a  subsequent  study  effect  of  MPL  on  LPS  induced  priming  of  human  neutro¬ 
phil  superoxide  radical  production  was  examined.  In  contrast  to  LPS,  MPL 
exhibited  no  neutrophil  priming  activity  in  concentrations  ranging  from  1  ng/ml  to 
10^  ng/ml.  Incubation  of  neutrophils  with  MPL  prior  to  LPS  resulted  in  dose- 
dependent  inhibition  of  LPS-inducing  neutrophil  priming. 

The  induction  of  MPL  was  also  examined  in  large  and  small  animals  models.  In 
rats,  exposure  to  MPL  48  hours  prior  to  lethal  endotoxin  infusion  produced  100%. 
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Sav«nty-two  hour  aurvival  as  comparad  to  100%  mortality  in  animals  pretrsated  with 
dilusnt  control.  Significant  attenuation  of  decrease  in  arterial  pressure  and 
cardiac  output  were  also  observed.  A  similar  study  in  a  porcine  model  demonstrat¬ 
ed  that  a  pretreatment  with  MPL  48  hours  prior  to  lethal  endotoxemia  produced  20% 
mortality  as  compared  to  100%  mortality  in  diluent  controls.  Hemodynamic  changes 
following  endotoxin  infusion  were  significantly  attenuated  and  tumor  necrosis 
factor  release  was  significantly  reduced  in  the  MPL  treated  animals. 

The  toxicity  and  ability  of  H.  sphaeroides  lipid  A  (RS)  to  induce  tolerance 
was  also  studied.  LPS  and  RS  were  infused  in  equal  doses  in  rats.  LPS  resulted 
in  significant  decreases  in  cardiac  output  and  arterial  pressure  whereas  infusion 
of  RS  and  was  not  associated  with  significant  hemodynamic  changes.  Exposure  of 
rats  to  RS  forty-eight  hours  prior  to  lethal  endotoxin  infusion  significantly 
decreased  mortality  from  100%  in  control  animals  to  20%  of  the  tested  animals. 

These  studies  suggest  that  nontoxic  derivatives  of  lipid  A  may  be  able  to 
modify  the  systemic  response  to  endotoxin  by  inducing  endotoxin  tolerance. 


ening  Lecture 
Molecular  Mechanisms  of  Intracellular  Signalling 

Monday,  April  8  •  7:15  pjn. 

Dr.  Masayasu  Nakano 


Jichi  Medical  School  •  Tochigi-Ken,  Japan 


MOLECULAR  MECHANISMS  OF  INTRACELLULAR  SIGNALLING  IN  MURINE 
MACROPHAGES  BY  LPS  OR  LIPID  A  ANALOGS 

Ma»ayasu  Nakano,  Department  of  Microbiology,  Jichi  Medical 
School,  Tochigi-ken  329-04,  Japan 

Intracellular  events  in  the  peritoneal  exudate  macrophages  ci 
LPS-responsi ve  C3H/He  and  LFS-low  responsive  C3H/HeJ  mice  after 
the  stimulation  with  LPS  or  lipid  A  analogs  were  studied.  L?S- 
induced  IL-1  production  by  C3H/He  macrophages  seemed  to  be 
dependent  on  calmodulin-dependent  pathway  rather  than  the 
pathways  dependent  on  p r o t e in -ki n a s e  C,  A,  or  G.  LPS  induces 
phosphorylation  of  a  distinct  sec  of  substrate  proteins  in  the 
C3H/He,  but  not  C3H/HeJ,  macrophages  prior  to  final  LPS-induced 
cellular  functions  such  as  IL«1  or  TNF  production.  The 
phosphorylated  proteins  (pp)  were  located  in  either  a  cytosol 
fraction  (pp65  A  28)  or  a  membrane  fraction  (pp58,  43,33,  &  19; 
or  in  both  fractions  (pplOo  i  75).  Among  the  pp,  pp65  was  the 
most  heavily  phosphorylated  cytosolic  soluble  protein,  and  was 
a  substrate  for  serine  kinase.  When  the  macrophages  were 
stimulated  with  biologically  active  lipid  A  analogs,  the  patterns 
of  phosphorylation  were  similar  to  that  of  the  macrophages 
stimulated  with  LPS.  However,  when  the  macrophages  were 
stimulated  with  biologically  non-active  lipid  A  analogs,  some  of 
the  pp  were  not  observed. 
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Session  V 

Current  Vaccine  Strategies  Using  Lipid  A 

Derivatives 

Tuesday,  April  9  •  8:30  a.m.  - 11:25  a.m. 

Speakers'  Summaries  (in  order  of  presentation) 


Abstract 


Dsvslopment  of  a  Synthstic  Lipid  A  Analogue  Vaccine.  Sbattacharjee 
AH,  DrabicX  J,  Wright  CD,  Sadoff  JC,  cross  AS .  Department  of 
Bacterial  Diseases,  WRAIR,  Washington  DC  and  Unlvax  Biologies,  Inc, 
Roclcville,  MD 

The  mortality  from  sepels  due  to  Gram-negative  bacteria  remains 
high  despite  the  availability  of  potent  antimicrobial  agents.  The 
recently  reported  success  of  a  human  MAb  to  lipid  A,  HA-iA,  derived 
from  a  patient  immunized  with  a  J5  vaccine,  suggests  that 
immunothsrapy  directed  at  lipid  A  may  be  an  important  supplement 
to  ths  conventional  cara  of  septic  patients.  Bieber  et  al. 
demonstrated  that  the  binding  of  antl-J5  MAb  to  lipid  A  Is 
inhibited  by  gentiobioee  octaacetate.  Consequently  we  constructed 
a  synthetic  lipid  A  analogue  conjugate  vaccine  by  coupling 
gentiobioee  heptaacetate  (GHA)  to  a  protein  carrier,  succinylated 
diphtheria  toxoid,  through  spacer  compounds.  This  vaccine  bound 
to  the  anti-lipid  A  MAb  in  SLISA  assay,  and  induced  antibody  to 
GHA  in  rabbits  and  mice  (>2500  SLISA  antibody  units  [U]),  but  less 
antibody  to  J3  LPS  (127  u  v.  15  U  in  unimmunized  rabbits)  or  to 
lipid  A  (100  U  V.  25  U  In  uninmunized  rabbits)  .  Hximan  antibody  to 
lipid  A  derived  from  a  voluntasr  immunized  with  monophosphoryl 
lipid  A  in  a  liposome,  also  bound  to  GHA  (>€75  units)  .  A 
funetionally-active  lapins  anti-J5  Ab  bound  to  J5  LPS  and  lipid  a 
(>2900  units)  but  not  to  GHA  (16  units) .  Functional  activity  of 
anti-GHA  Ab  was  dsmonstratsd  in  a  Llmulus  lysate  neutralization 
test,  and  in  protection  against  active  and  passive  dermal 
Shwartzman  reactions.  Phase  I  testing  with  this  vaccine  will  be 
initiated  this  ysar.  These  data  also  suggest  there  might  be 
multiple  epitopes  to  which  functionally  active  Ab  to  lipid  A  nay 
be  directed. 
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ADJUVANT  EFFECTS  OF  LIPOSOMAL  LIPID  A:  HUMAN  VACCINE 
INDUCES  ANTIBODIES  TO  BOTH  MALARIA  ANTIGEN  AND  LIPID  A 

CARL  R.  ALVING,  ROBERTA  L.  RICHARDS,  JAMES  E.  EGAN,  CLYDE  SCHULTZ, 
DANIEL  M.  GORDON,  AND  LOUIS  F.  FRIES 

Depts  of  Membrane  Biochemistry,  Immunology,  and  Biologies  Research,  Walter  Reed  Army 
Inst  of  Research,  Washington,  DC  20307-5100,  and  Ctr.  for  Immuniz.  Res.,  Johns  Hopkins 
Univ.,  Baltimore,  MD  21205  USA 

Liposomes  containing  lipid  A  served  as  carriers  of  a  synthetic  antigen  for  immunizing 
miie,  rabbits,  monkeys,  and  humans  against  sporozoites  of  Plasmodium  falciparum. 
Liposomal  native  lipid  A  and  liposomal  monophosphoryl  lipid  A  (MPL)  had  potent  dose- 
dependent  adjuvant  properties.  Although  large  amounts  of  lipid  A  were  required  for 
optimal  activity,  even  very  high  doses  of  liposomal  lipid  A  were  nonpyrogenic  in  rabbits. 
An  experimental  vaccine  was  developed  consisting  of  liposomes  containing  both  MPL  and 
a  recombinant  antigen  (R32NSl8i)  having  epitopes  from  the  repeat  region  of  the 
circumsporozoite  protein  of  P.  falciparum.  The  liposomes  were  adsorbed  with  alum.  A 
phase  I  safety  trial  of  the  vaccine  in  humans  revealed  no  significant  acute  toxic  effects  and 
the  vaccine  was  nonpyrogenic  in  humans  even  at  an  MPL  dose  of  approximately  2.2  mg. 
High  titers  of  IgG  antibodies  both  to  repeat  region  epitopes  of  the  malaria  antigen  and  to 
the  MPL  itself  developed  within  two  weeks  after  a  single  injection  of  the  vaccine  in  humans. 
The  highest  dose  of  liposomal  MPL  induced  the  highest  titers  of  antibodies  to  lipid  A. 
Liposomes  effectively  blocked  potential  toxic  effects  but  retained  the  adjuvant  effects  of  lipid 
A.  The  vaccine  consisting  of  alum-adsorbed  liposomes  containing  high  doses  of  MPL  and 
encapsulated  antigen  appears  to  be  safe  and  efficacious  for  inducing  humoral  immune 
responses  in  humans. 
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AN  EFPECTIVE  VACCINE  FOR  SYPHILIS:  THE  IMPORTANCE  OF  THE  ADJUVANT  ACTION  OF 
MPL  IN  REVERSING  IMMUNOSUPPRESSION.  Dr.  Tom  Fitzgerald,  University  of  Minnesota 
Duluth,  MN.  55812 
Abstract 

Our  research  involves  mechanisms  of  immunoregulation  in  chronic  diseases, 
using  syphilitic  infection  as  the  model.  Following  rabbit  inoculation 
with  Treponema  pallidum,  a  number  of  immune  functions  are  stimulated  within 
the  initial  10  days  of  infection.  At  this  time,  down-regulation  of  these 
functions  becomes  detectable,  and  levels  of  IL-1,  IL-2,  Y" interferon,  and 
class  II  antigens  ar4  diminished.  Macrophages  and  T-lymphocytes  participate 
in  this  suppression  through  their  secretion  of  PGE2  and  transforming  growth 
factor  (TGF).  We  have  proposed  that  this  down-regulation  is  premature 
and  that  residual  treponemes  then  establish  chronic  infection.  We  have 
been  able  to  reverse  this  down-regulation  by  using  indomethacin  to  block 
macrophage  suppression  and  monophosphoryl  lipid  A  (MPL)  to  block  T-suppression. 
Soluble  factors  including  TGF  are  produced  by  activated  lymphocytes.  These 
factors  inhibit  Con  A  induced  IL-2  synthesis  and  T-cell  proliferation. 

MPL  reverses  both  of  these  2  suppressive  effects.  In  addition,  treponemes 
directly  inhibit  IL-2  generation  and  MPL  reverses  this  defect.  We  have 
extended  these  findings  to  vaccine  development.  Our  premise  was  that  past 
vaccine  failures  were  attributed  to  the  ability  of  treponemes  to  induce 
down-regulation,  thereby  preventing  immune  stimulation.  We  have  now  succeeded 
in  developing  an  effective  vaccine  by  counter-acting  these  suppressive 
tendencies.  Our  protocol  involves:  cyclophosphamide  day  -2  (neutralizes 
natural  suppressors  and  T-suppressors ) ,  inactivated  JT.  pallidum  plus  Ribi 
adjuvant  (MPL  and  trehelose  dimycolate)  day  0,  MPL  boost  day  +2  (neutralizes 
elicited  T-suppressors),  challenge  with  viable  organisms  day  29,  and  indomethacin 
day  29  to  36  (neutralizes  macrophage  suppressors).  This  unique  vaccine 
approach  of  preventing  suppression  may  have  applications  to  other  chronic 
diseases  that  involve  macrophage  suppression  and/or  T-cell  suppression. 


Dr.  Tom  Fitzgerald 
University  of  Minnesota-Duluth 


EVALUATION  OF  MONOPHOSPHOR YL  LIPID  A  (MPL)  AS  AN  ADJUVANT  FOR  HUMAN 
IMMUNIZATION;  ENHANCEMENT  OF  THE  SERUM  ANTIBODY  RESPONSE  IN  YOUNG 
MICE  TO  POLYSACCHARIDE- PROTEIN  CONJUGATES  BY  CONCURRENT  INJECTION 
WITH  MPL 

Rachel  Schneerson  *  Ali  FattomJ  Shousun  C.  SzuJ  Dolores  Bryla,^  Ulrich,^  Jon  A.  Rudbach,^ 
Gerald  Schiffman,  and  John  B.  Robbins^ 

*  Laboratory  of  Developmental  and  Molecular  Immunity,  ^Biometry  and  Mathematical  Statistics 
Branch,  Nation  .te  of  Child  Health  and  Human  Development,  NIH,  Bethesda,  MD  20892; 

^RIBI  Immunov  h,  Inc.,  P.O.  Box  1409,  Hamilton,  MT  59840;  and  "^Department  of 

Microbiology  and  Immui.  .^jy,  Downstate  Medical  Center  SUNY,  480  Clarkson  Avenue, 
Brooklyn,  NY 

Concurrent  injection  of  monophosphoryl  lipid  A  (MPL)  in  saline  or  as  an  oii-in-water  emulsion 
(o/w)  enhanced  both  the  primary  and  secondary  serum  antibody  responses  to  the  capsular 
polysaccharide  (CP)  components  of  seven  conjugates:  the  enhanced  responses  were  Ag-specific. 

In  contrast,  MPL  did  not  enhance  the  serum  antibody  response  to  5  of  the  6  unconjugated  CPs. 
MPL  and  trehalose  dimycolate  (TDM)  injected  concurrently  with  the  unconjugated  Vi  CP  of 
Salmonella  lyphi  (Vi)  enhanced  the  serum  antibody  response  to  that  Ag.  MPL  further  enhanced 
the  Vi  antibody  levels  when  injected  with  conjugates  of  this  CP.  The  serum  antibody  responses  to 
Pseudomonas  aeruginosa  exotoxin  A  (ETA),  used  as  the  carrier  protein  for  the  Staphylococcus 
aureus  types  5  and  8  conjugates,  were  also  enhanced  by  MPL.  MPL  in  o/w  was  generally  more 
effective  than  when  administered  in  saline. 
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Newer  Aspects  of  the  Adjuvant  Action  of  Lipid- A 
and  Ics  Analogs 


April  6-9,  1991 


List  of  Soeakers/Participants 


Dr.  Carl  R.  Alving 
Chief 

Dept,  of  Membrane  Biochemistry 
Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 
(202)-576-3248 


Dr.  Phillip  Baker 
NIAID\NIH 
Twinbrook  II 
12241  Parklawn  Drive 
Rockville,  MD  20852 


Dr.  W.  Ripley  Ballou 
Dept,  of  Immunology 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20037 
(202)-576-1257 


Dr.  Apurba  K.  Bhattachar j ee 
Bacterial  Diseases 

Walter  Reed  Army  Institute  of  Research 
14ch  and  Dahlia 
Washington,  DC  20037 
(202)-576-3338 


Dr.  Mark  E.  Astiz 

St.  Vincent's  Hosp.  &  Med.  Ctr.  of  NY 
153  West  11th  Street 
New  York,  NY  10011 


Dr.  Michael  Balady 

Biologies 

USAMMDA 

Fort  Detrick 

Frederick,  MD  21702 

(301)-663-7661 


Dr.  J.  David  Beatty 

Division  of  Surgery 

Research  and  Education 

City  of  Hope  National  Medical  Center 

1500  East  Duarte  Road 

Duarte,  CA  91010 


Dr.  Donald  S.  Burke 

Division  of  Retrovirology 

Walter  Reed  Array  Institute  of  Research 

13  Taft  Court,  Suite  201 

Rockville,  MD  20850 

(301)-295-6414 


75 


Dr.  Robert  Burrell 
Microbiology  &  Immunology 
WVU  Health  Sciences  Center 
2082  HSN 

Morgantown,  WV  26506 
(304)-295-1177 


Ms.  Carole  Cole 
Biologist 

Resources  and  Centers  Branch/BRDP 

Division  of  AIDS 

NIAID/NIH 

6003  Executive  Boulevard 
Bethesda,  MD  20892 
(301)-402-0755 


Dr.  Alan  Cross 
Bacterial  Diseases 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307 
(202)-576-3326 


Dr.  Michael  J.  Darsley 

Hyrridoraa 

IGEN,  Inc. 

1530  E.  Jefferson  Street 
Rockville,  MD  20852 
(301)-984-8000 


Dr.  Sarmangala  Devi 

Laboratory  of  Develop.  &  Mole.  Immunity 
NICHD\NIH 

Building  6,  Room  145 
Bethesda,  MD  20892 


Dr.  Yupin  Charoenvit 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301)-295-1177 


Mr.  James  Cradock 
Acting  Chief 

Developmental  Therapeutics  Branch/BRDP 

Division  of  AIDS 

NIAID/NIH 

6003  Executive  Boulevard 
Bethesda,  MD  20892 
(301)-496-0636 


Dr.  Jacques  C.  Darbord 

Microbiology 

University 

7  Rue  Fer  A  Aoulin 

75221  Paris  Cedex  05, 

FRANCE 


Dr.  Barbara  De trick 
Microbiologist 

Vaccine  Res.  &  Devel.  Branch\BRDP 

Division  of  AIDS 

NIAID/NIH 

6003  Executive  Boulevard 
Bethesda,  MD  20892 
(301)-496-8200 


Dr.  Roman  Dziarski 

Northwest  Center  for  Medical  Education 
Indiana  University  School  of  Medicine 
3400  Broadway 
Gary,  IN  46408 
(219)-980-6551 


77 


Dr.  Emilio  Emini 

Virus  and  Cell  Biology  Division 

Merck,  Sharp  &  Dohme  Research  Labs. 

Building  16 ,  Room  100 

West  Point,  PA  19486 

(215)-661-7859 


Dr.  Patricia  Fast 
Medical  Officer 

Va''cine  Research  &  Devel.  Branch\BRDP 

Division  of  AIDS 

NIAID/NIH 

6003  Executive  Boulevard 
Bethesda,  MD  20892 
(301) -496-8200 


Dr.  H.D.  Flad 

Immunology  and  Cell  Biology 
Forschungsinstitut  Borstel 
D-2061  Borstel, 

GERMANY 


Dr.  Nathalie  Garcon 
Vaccine  Formulation  Science 
Smith  Kline  Beecham  Biologicals 
Rue  de  L'institut,  89 
Rixensart,  1330 
BELGIUM 


Dr.  Douglas  Golenbock 
Boston  City  Hospital 
Boston,  MA 


Dr.  Martin  E.  Evans 

Infectious  Diseases\Dept .  of  Medicine 

Uniformed  Services 

University  of  Health  Sciences 

4301  Jones  Bridge  Road 

Bethesda,  MD  20814 

(301)-295-3618 


Dr.  Thomas  Fitzgerald 

Microbiology 

UMD  Medical  School 

10  University  Drive 

Duluth,  MN  55812 

(218)-726-7278 


Dr.  Chris  Galanos 

Max  Planck  Instit.  fur  Immunobiologie 
Stubeweg  51 
Freiburg,  D-7800 
GERMANY 


Ms.  Marta  W.  Glass 
Biologist 

Vaccine  Research  &  Develop.  Branch\BRDP 

Division  of  AIDS 

NIAID/NIH 

6003  Executive  Boulevard 
Bethesda,  MD  20892 
(301)-496-8200 


Dr.  Gary  L.  Gustafson 

Ribi  ImmunoChem  Research,  Inc. 

P.O.  Box  1409 

Hamilton,  MT  59840 

(406)-363-62l4 


79 


eliiii*** 


Ms.  Beth  E.  Henricson 
Dept,  of  Microbiology 

Unif.  Serv.  Univ.  Health  Sci. /Vogel  Lab. 
4301  Jones  Bridge  Road 
Bethesda,  MD  20814 
(301) -295-3447 


Dr .  J  ohn  J .  Hooks 
Chief 

Virology  and  Immunology  Section 
NEI/NIH 

Building  10,  Room  6N228 
9000  Rockville  Pike 
Bethesda,  MD  20892 
(301)-496-6578 


Dr.  Robert  L.  Hunter 
Professor 

Dept,  of  Pathology/Lab.  Medicine 
Emory  University  School  of  Medicine 
762  Woodruff  Memorial  Building 
Atlanta,  GA  30322 


Dr.  Trevor  R.  Jones 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301) -295-0178 


Dr.  Srisin  Khusmith 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301)-295-0171 


Dr.  Stephen  L.  Hoffman 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301)-295-2000 


Dr .  Tomas  Hraba 

Laboratory  of  Immunogenetics 

NIAID/NIH 

Twinbrook  II  Research  Facility 
12441  Parklavm  Drive 
Rockville,  MD  20852 
(301)-496-1220 


Dr.  Arthur  G.  Johnson 
Head 

Dept,  of  Medical  Microbiology/Immunology 
Univ.  of  Minnesota  School  of  Medicine 
Duluth,  MN  55804 
(218)-726-7561 


Dr.  Charlotte  R.  Kensil 
Section  Head 

Natural  Products  Chemistry 
Cambridge  BioScience  Corporation 
365  Plantation  Street 
Worcester,  MA  01605 
(508)-797-5777 


Ms.  Janet  Kirkley 

Dept,  of  Biochemistry 

The  George  Washington  University 

Medical  Center,  Ross  Hall 

2300  Eye  Street,  NW,  Room  537 

Washington,  DC  20037 

(202)-994-2312 


81 


Dr.  Scott  Koenig 
Medinunune ,  Inc . 

19  Firstfield  Road 
Gaithersburg,  MD  20878 
(301)-590-2621 


Dr.  Dale  N.  Lawrence 
Chief 

International  Studies,  BRDP 
Division  of  AIDS 
NIAID/NIH 

6003  Executive  Blvd. 
Rockville,  MD  20892 
(301)-496-8200 


Dr.  Mei-Guey  Lei 

Dept,  of  Microb.,  Molec.  Gen.  &  Inunun. 
University  of  Kansas  Medical  Center 
39th  and  Rainbow  Boulevard 
Kansas  City,  KS  66103 
(913)-588-7061 


Dr.  Motohiro  Matsuura 
Dept,  of  Microbiology 
Jichi  Medical  School 
3311-1,  Yakushiji,  Minami 
Kawachi-Machi 
Tochigi,  329-04 
JAPAN 


Dr.  Sylvia  Mellouk 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301)-295-6173 


Dr.  Wayne  C.  Koff 
Chief 

Vaccine  Research  and  Devel.  Branch\BRDP 

Division  of  AIDS 

NIAID/NIH 

6003  Executive  Boulevard 
Bethesda,  MD  20892 
(301) -496-8200 


Mr.  Nicholas  J.  Legakis 
Dept,  of  Microbiolgy 
University  of  Athens 
Athens  Tower ,  Building  B 
Athens  115  27 
Mesogeion  2-4, 

GREECE 


Dr.  Anita  Malik 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301)-295-2000 


Dr.  Edward  McSweegan 
BMB 

NIAID/NIH 

5333  Westbard  Avenue 
Westwood  Building,  Room  738 
Bethesda,  MD  20892 
(301)-496-7728 


Dr.  Donald  Milton 

Environmental  Health 

Hairvard  School  of  Public  Health 

665  Huntington  Avenue 

Boston,  MA  02115 

(617)-432-3324 


83 


Dr .  Robert  S .  Munf ord 
Internal  Medicine  and  Microbiology 
University  of  Texas  SW  Medical  Center 
5323  Harry  Hines  Blvd. 

Dallas.  TX  75235 


Dr .  Masayasu  Nakano 
Dept,  of  Microbiology 
Jichi  Medical  School 
Tochigi-ken  329-04, 
JAPAN 


Dr.  Alois  H.  Nowotny 

Dept,  of  Immunology 

University  of  Pennsylvania 

L.  Levy  Center  for  Oral  Health  Research 

Bldg.  A-2,  4010  Locust  Street 

Phildaelphia,  PA  19104 


Dr.  I.  Outschoorn 
Institute  Nac .  Microbiogy 
Ma j  adahonda 
Madrid, 


Dr.  Richard  A.  Proctor 

Dept,  of  Med.  Medical  Micro.  &  Immunol. 
Univ.  of  Wisconsin  -  Madison  Med.  Sch. 
436  Service  Memorial  Institutes 
1300  University  Avenue 
Madison,  WI  53706 


Dr.  Kent  R.  Myers 
Research  and  Development 
Ribi  ImmunoChem  Res.,  Inc. 
P.O.  Box  1409 
Hamilton,  MT  59840 
(406)-363-6214 


Dr.  Paul  Naylor 
Associate  Professor 

Dept,  of  Biochemistry  and  Molecular  Bio. 
George  Washington  Univ.  Medical  Center 
2300  Eye  Street,  NW 
Washington,  DC  20037 
(202)-994-1742 


Ms .  Marilyn  Odean 

Dept,  of  Med.  Microbiology/Iramunology 

UMD  School  of  Medicine 

10  University  Drive 

Duluth,  MN  55812 

(218)-726-7940 


Dr.  Matthew  Pollack 

Division  of  Infectious  Diseases 

Dept,  of  Medicine 

Uniformed  Services  Univ.  of  Heal.  Sci. 
4301  Jones  Bridge  Road 
Bethesda,  MD  20814 
(301)-295-3618 


Dr.  Nilofer  Qureshi 

Dept,  of  Mycobacteriology 

William  S.  Middleton  Mem.  Vet.  Hospital 

2500  Overlook  Terrace 

Madison,  WI  53705 

(608)-256-I901 


85 


Dr.  Christian  R.H.  Raetz 
Division  of  Merck  &  Co . ,  Inc. 

Merck,  Sharp  and  Dohme  Research  Labs. 
P.O.  Box  2000 
Rahway,  NJ  07065 


Dr.  Elmer  Reist 

Bio-Organic  Chemistry  Laboratory 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 
(415)-859-3543 


Dr.  Roberta  L.  Richards 
Membrane  Biochemistry 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307 
(202)-576.3940 


Dr.  Einar  Rosenqvist 

Vaccine  Department 

National  Inst,  of  Public  Health 

Geitmyrsveien  75 

0462  Oslo  4, 

NORWAY 


Dr.  Mangala  Rao 

Membrane  Biochemistry 

Walter  Reed  Army  Institute  of  Research 

Washington,  DC  20307 

(202)-576-3545 


Dr.  Robert  M.  Rice 
Biological  Systems,  USAMMDA 
Fort  De trick 
Frederick,  MD  20702 
(301)-663-7661 


Dr.  Ernst  Th.  Rietschel 
Professor 

Institut  fur  Exper.  Biologie  und  Medlzin 
Forschungsinstitut  Borstel, 

Parkalle  1-40  D  2061, 

GERMANY 


Dr.  Jon  A.  Rudbach 

Vice  President 

Research  and  Development 

Ribi  ImmunoChem  Research,  Inc. 

P.O.  Box  1409 

Hamilton,  MT  59840 

(406)-363-6214 


Dr.  John  L.  Ryan  Dr.  Jerald  C.  Sadoff 

Infectious  Diseases  -  Clinical  Research  Walter  Reed  Army  Institute  of  Research 
Merck,  Sharp  &  Dohme  Research  Labs.  Washington,  DC  20307 

Sumneytown  Pike  (BL  3-4) 

West  Point,  PA  19486 
(215)-834-2557 


87 


-  ■  I  '■  I  1 1  I 


Dr.  Martha  Sedegah 
Malaria  Program 

Naval  Medical  Research  Institute 
12300  Washington  Avenue 
Rockville,  MD  20852 
(301)-295-2000 


Dr.  H.  Snippe 

Medical  Microbiology 

Eijkman- Winkler  Lab.  of  Med.  Micro. 

Medical  School  AZU  G  04.614 

Heidelberglaan  100 

3584  CX  Ultrecht, 

NETHERLANDS 


Dr .  Kuni  Takayama 
Mycobacteriology  Research  Lab. 

Williams  S.  Middleton  Mem.  Veter.  Hosp. 
2500  Overlook  Terrace 
Madison,  WI  53705 


Dr.  Chao-Ming  Tsai 

Bacterial  Products 

Center  for  Biologies 

Food  and  Drug  Administration 

8800  Rockville  Pike 

Bethesda,  MD  20892 

(301)-496-2154 


Dr.  Frederick  R.  Vogel 
Lederle  Biologicals 
Lederle  Laboratories 
Lederle  Lab.  Bldg.  114/100 
Pearl  River,  NY  10965 
(914)-732-4481 


Dr.  M.  Slaoui 

Molecular  and  Cellular  Biology 
Smith  Kline  Beecham  Biologicals 
89  Rue  de  L'inotitut  330 
Rixemart , 

BELGIUM 


Dr.  P.  Stuetz 

Sandoz  Forschungsinstitut  Gesellschaft 
Brunner  Strasse  59 
A- 1235  Wien, 

AUSTRIA 


Dr.  Nobumasa  (Nobi)  Tanaka 

US-Japan  Science  Consulting  Serv. ,  Inc. 

72  Paxwood  Road 

Delmar,  NY  12054 

(518)-439-8334 


Dr.  J.  Terry  Ulrich 
Infectious  Disease  Research 
Ribi  ImmunoChem  Research,  Inc. 
P.O.  Box  1409 
Hamilton,  MT  59840 
(406)-363-6214 


Dr.  Stephanie  Vogel 
Microbiology 

Uniformed  Sves.  Univ.  of  the  Hlth.  Sci. 
4301  Jones  Bridge  Road 
Bethesda,  MD  20814 
(301)-295-3446 


89 


Dr.  Shaw  Warren  Dr.  Nabila  M.  Wassef 

Infectious  Diseases  Membrane  Biochemistry 

Massachusetts  General  Hospital  Walter  Reed  Army  Institute  of  Research 

Gray  5,  Fruit  Street  Washington,  DC  20307 

Boston.  MA  02114  (202) -576-3528 

(617)-726-5772 


Dr.  Richard  0.  Williams 
Research  and  Development 
IGEN,  Inc. 

1530  E.  Jefferson  Street 
Rockville,  MD  20852 
(301) -984-8000 


Dr.  Scott  Winston 
Univax  Biologies,  Inc. 
12111  Parklawn  Drive 
Rockville,  MD  20852 
(301)-770-3099 


Dr.  James  F.  Young 
Mediramune ,  Inc . 

19  Firstfield  Road 
Gaithersburg,  MD  20878 
(301)-590-2642 


91 


REGISTRANTS:  Airlie  Conference  Center,  April  6-9. 


Dr.  Carl  R.  Alving, 

Membrane  Biochemistry,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.  20307,  202-576-3248. 

Dr.  Shimon  Amselem, 

Nova  Pharmaceutical  Corporation,  6200  Freeport  Center, 
Baltimore,  MD  21224,  202-576-0777. 

Dr.  Mark  E.  Astiz, 

St.  Vincent's  Hospital  and  Medical  Center  of  New  York,  153  West 
11th  Street,  New  York,  N.Y.  10011. 

Dr.  Phillip  Baker, 

NIAID-NIH,  Twinbrook  II,  12241  Parklawn  Drive,  Rockville,  MD 
20852. 

Dr.  Michael  Balady, 

Biologies,  USAMMDA,  Fort  Detrich,  Frederick,  MD  21702,  301- 
663-7661. 

Dr.  W.  Ripley  Ballou, 

Dept,  of  Immunology,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.  20037,  202-576-1257. 

Dr.  J.  David  Beatty, 

Research  and  Education,  Division  of  Surgery,  City  of  Hope 
National  Medical  Center,  1500  East  Duarte  Road,  Duarte,  CA 
91010. 

Dr.  Apurba  K.  Bhattacharjee, 

Bacterial  Diseases,  Walter  Reed  Army  Inst,  of  Research,  14th  and 
Dahlia.  Washington,  D.C.  20307,  202-576-3338. 

Dr.  Donald  S.  Burke, 

Division  of  Retrovirology,  Walter  Reed  Army  Institute  of 
Research,  13  Taft  Court,  Suite  201,  Rockville,  MD  20850,  301- 
295-6414  (ext.  15/16). 

Dr.  Robert  Burrell, 

Microbiology  and  Immunology,  WVU  Health  Sciences  Center,  2082 
HSN,  Morgantown,  WV  26506,  304-293-3559. 

Dr.  Yupin  Charoenvit, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-1177. 

Carole  Cole, 


M.S.,  Resources  and  Centers  Branch,  BRDP,  Division  of  AIDS, 
National  Institute  of  Allergy  and  Infectious  Diseases,  NIH,  6003 
Executive  Blvd.,  Bethesda,  MD  20892,  301-402-0755. 

James  Cradock, 

M.S.,  Developmental  Therapeutics  Branch,  BRDP,  Division  of  AIDS, 
National  Institute  of  Allergy  and  Infectious  Diseases,  NIH,  6003 
Executive  Blvd.,  Bethesda,  MD  20892,  301-496-0636. 

Dr.  Robert  Crawford, 

Cellular  Immunology,  Walter  Reed  Army  Institute  of  Research, 
18321  Queen  Elizabeth  Drive,  OIney,  MD  20832. 

Dr.  Alan  Cross, 

Bacterial  Diseases,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.  20307,  202-576-3326. 

Dr.  Bernard  Danve, 

Microthique/Serologi,  Pasteur  Merieux  Serums  and  Vaccines, 

65280  Narcy  I'Etoile,  France. 

Dr.  Jacques  C.  Darbord, 

Microbiology,  University,  7  Rue  Fer  A  Aoulin  75221  Paris  Cedex 
05,  Paris,  France. 

Dr.  Michael  J.  Darsley, 

Hyrridoma,  IGEN,  Inc.,  1530  E.  Jefferson  St.,  Rockville,  MD  20852, 
301-984-8000. 

Dr.  Barbara  Detrick, 

Vaccine  Research  and  Development  Branch,  BRDP,  Division  of 
AIDS,  National  Institute  of  Allergy  and  Infectious  Diseases,  NIH, 
6003  Executive  Blvd.,  Bethesda,  MD  20892,  301-496-8200. 

Dr.  Sarmangala  Devi, 

Laboratory  of  Development  and  Molecular  Immunity,  NICHD,  NIH, 
Building  6,  Room  145,  Bethesda,  MD  20892. 

Dr.  Roman  Dziarski, 

Northwest  Center  for  Medical  Education,  Indiana  University 
School  of  Medicine,  3400  Broadway,  Gary,  IN  46408,  219-980- 
6551. 

Dr.  Karen  L.  Elkins, 

Dept.  Cellular  Immunology,  Walter  Reed  Army  institute  of 
Research,  Rockville,  MD  20850,  301-295-6953. 

Dr.  Emilio  A.  Emini, 

Virus  and  Cell  Biology,  Merck,  Sharp  and  Dohme  Research 
Laboratories,  Building  16,  Room  100,  West  Point,  PA  19486,  215- 


661-7859. 

Dr.  Martin  E.  Evans, 

Infectious  Disease  'Cept.  of  Medicine,  Uniformed  Services 
University  of  the  Health  Sciences,  4301  Jones  Bridge  Road, 
Bethesda,  MD  20814,  301-295-3618. 

Dr.  Patricia  Fast, 

Vaccine  Research  and  Development  Branch,  BRDP,  Division  of 
AIDS,  National  Institute  of  Allergy  and  Infectious  Diseases,  NIH, 
6003  Executive  Blvd.,  Bethesda,  MD  20892,  301-496-8200. 

Dr.  Thomas  Fitzgerald, 

Microbiology,  UMD  Medical  School,  10  University  Drive,  Duluth, 

MN  55812,  218-726-7278. 

Dr.  H.  D.  Flad, 

Immunology  and  Cell  Biology,  Forschungsinstitut  Borstel,  D-2061 
Borstel,  Germany. 

Dr.  Bruce  D.  Forrest, 

Medical  Research  Council,  UK,  CDSC,  PHLS  61  Colindale  Ave., 
London,  UK.  NW9  5EQ. 

Dr.  Marina  Freudenberg, 

Max  Planck  Institut  fur  Immunoblologie,  Stubeweg  51,  Freitburg, 
Germany. 

Dr.  Chris  Galanos, 

Max  Planck  Institut  fur  Immunobiologie,  Stubeweg  51,  Freiburg, 
D-7800,  Germany. 

Dr.  Nathalie  Garcon, 

Vaccine  Formulation  science.  Smith  Kline  Beecham  Biologicals, 
Rue  de  I'institut,  89,  Rixensart  1330  Belgium. 

Marta  W.  Glass, 

M.S.,  Vaccine  Research  and  Development  Branch,  BRDP,  Division  of 
AIDS,  National  Institute  of  Allergy  and  Infectious  Diseases,  NIH, 
6003  Executive  Blvd.,  Bethesda,  MD  20892,  301-496-8200. 

Dr.  Douglas  Golenbock, 

Boston  City  Hospital,  Boston  MA. 

Dr.  Shawn  Green, 

Cellular  immunology,  Walter  Reed  Army  Institute  of 

Research,  9620  Medical  Center  Drive,  Rockville,  MD  20850,  301- 

295-6956. 

Dr.  Gary  L.  Gustafson, 

Ribi  ImmunoChem  Research  ,  Inc.,  P.O.  Box  1409,  Hamilton,  MT 
59840,  406-363-6214. 


Dr.  Scott  W.  Harkonen, 

Medical  and  Regulatory  Affairs  Dept.,  Univax  Biologies,  In.  12280 
Wilkins  Ave.,  Rockville,  MD  20852,  301-770-3099. 

Beth  E.  Henricson, 

Microbiology,  Uniformed  Services  University  of  Health 
ScienceA/ogel  Laboratory,  4301  Jones  Bridge  Road,  Bethesda,  MD 
20814,  301-295-3447. 

Dr.  Stephen  L.  Hoffman, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-2000. 

Dr.  John  J.  Hooks, 

Virology  and  Immunology  Section,  National  Eye  Institution,  NIH, 
Bldg.  10  Rm  6N228,  Bethesda,  MD  20892,  301-496-6578. 

Dr.  Tomas  Hraba, 

Laboratory  of  Immunogenetics,  National  Institute  of  Allergy  and 
Infectious  Diseases,  NIH,  Twinbrook  II  Research  Facility,  12441 
Parklawn  Dr.,  Rockville,  MD  20852,  301-496-1220. 

Dr.  Robert  Hunter, 

Emory  University  School  of  Medicine,  Dept,  of  Pathology  and 
Laboratory  Medicine,  Atlanta,  GA  30322. 

Dr.  Arthur  G.  Johnson, 

Medical  Microbiology  and  Immunology,  University  of  Minnesota, 
School  of  Medicine,  Duluth,  MN  55804,  218-726-7561. 

Dr.  Margaret  Johnston, 

DAIDS. 

Dr.  Trevor  R.  Jones, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-0178. 

Dr.  Charlotte  R.  Kensil, 

Natural  Products  Chemistry,  Cambridge  Biotech  Corporation,  365 
Plantation  St.,  Worcester,  MA  01605,  508-797-5777. 

Dr.  Srisin  Khusmith, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-0171. 

Janet  Kirkley, 

Dept,  of  Biochemistry,  George  Washington  University  Medical 
Center,  2300  Eye  St.,  NW,  Ross  Hall  Rm.  537,  Washington,  D.C. 
20037,  202-994-2312. 

Dr.  Scott  Koenig, 


Medimmune,  Inc.,  19  Firstfield  Road,  Gaithersburg,  MD  20878, 
301-590-2621. 

Dr.  Wayne  C.  Koff, 

Vaccine  Research  and  Development  Branch,  BRDP,  Division  of 
AIDS,  National  Institute  of  Allergy  and  Infectious  Diseases,  NIH, 
6003  Executive  Blvd.,  Bethesda,  MD  20892,  301-496-8200. 

Dr.  Dale  N.  Lawrence, 

International  Studies,  Office  of  the  Chief  Vaccine  Research  and 
Development  Branch,  BRDP,  Division  of  AIDS,  National  Institute  of 
Allergy  and  Infectious  Diseases,  NIH,  6003  Executive  Blvd,, 
Bethesda,  MD  20892,  301-496-8200. 

Nicholas  J.  Legakis, 

Microbioirgy,  University  of  Athens,  Athens  Tower,  Building  B, 
Ather  15  27,  Mesogeion  2-4. 

Dr.  Mei-Guey  Lei, 

Microbiology,  Molec.  Genetics  and  Immunology,  University  of 
Kansas  Medical  Center,  39th  and  Rainbow  Blvd.,  Kansas  City,  KS 
66103,  913-588-7061. 

Dr.  Heinz  LeibI, 

Immuno  Ag,  Immunological  Research,  Industriestrasse  131,  A- 
1220  Vienna,  Austria  (01143)  2300,  Ext.  2721. 

Dr.  Je  'jde. 

Biology  Division,  Office  of  Naval  Research,  800 
N.  Quincy  St.,  Arlington,  VA  22217,  703-696-4055. 

Dr.  Anita  Malik, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-2000. 

Dr.  Josef  W.  Mannhalter, 

Immunological  Research,  Immuno  Ag,  Industriestrasse  131,  A- 
1220  Vienna,  Austria  (01143)  2300,  Ext.  2721. 

Dr.  Motohiro  Matsuura, 

Microbiology,  Jichi  Medical  School,  3311-1,  Yakushiji,  Minami- 
Kawachi-Machi,  Tochigi,  329-04,  Japan. 

Dr.  Edward  McSweegan, 

NIAID/BMB,  NIH,  Westwood  Bldg.  Room  738,  Bethesda,  MD  20892, 
301-496-7728. 

Dr.  Sylvia  Mellouk, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-6173. 

Dr.  Monte  Meltzer, 


Dept.  Cellular  Immunology,  Walter  Reed  Army  Institute  of 
Research,  9620  Medical  Center  Drive,  Suite  200,  Rockville,  MD 
20850,  301-295-6949. 

Dr.  Donald  Milton, 

Environmental  Health,  Harvard  School  of  Public  Health,  665 
Huntington  Ave.,  Boston,  MA  02115,  617-432-3324. 

Dr.  Robert  S.  Munford, 

Internal  Medicine  and  Microbiology,  University  of  Texas 
Southwestern  Medical  Center,  5323  Harry  Hines  Boulevard,  Dallas, 
TX  75235. 

Dr.  Kent  R.  Myers, 

Research  and  Development,  RibI  ImmunoChem  Res.,  Inc.,  P.O.  Box 
1409,  Hamilton,  MT  59840,  406-363-6214. 

Dr.  Masayasu  Nakano, 

Dept,  of  Microbiology,  Jichi  Medical  School,  Tochigi-ken  329-04, 
Japan. 

Dr.  Paul  Naylor, 

Biochemistry  and  Molecular  Biology,  George  Washington 
University  Medical  Center,  2300  Eye  St.,  NW,  Washington,  D.C. 
20037,  202-994-1742. 

Dr.  Alois  H.  Nowotny, 

Immunology,  University  of  Pennsylvania,  L.  Levy  Ctr.  for  Oral 
Health  Research,  Bldg.  A-2,  4010  Locust  St.,  Philadelphia,  PA 
19104. 

Marilyn  Odean  M.S., 

Medical  Microbiology  and  Immunology,  UMD  School  of  Medicine,  10 
University  Drive,  Duluth,  MN  55812,  218-726-7940. 

Dr.  1.  Outschoorn, 

Institute  Nac.  Microbiology,  Majadahonda,  Madrid,  Spain. 

Dr.  Matthew  Pollack, 

Infectious  Diseases/Dept,  of  Medicine,  Uniformed  Services 
University  of  the  Health  Sciences,  4301  Jones  Bridge  Road, 
Bethesda.  MD  20814.  301-295-3618. 

Dr.  Richard  A.  Proctor, 

Medicine  and  Medical  Microbiology  and  Immunology,  University  of 
Wisconsin-Madison  Medical  School,  436  Service  Memorial 
Institutes.  1300  University  Ave.,  Madison,  Wl  53706. 

Dr.  Nilofer  Qureshi, 

Mycobacteriology,  William  S.  Middleton  Memorial  Veterans' 


Hospital,  2500  Overlook  Terrace,  Madison,  Wl  53705,  608-256- 
1901. 

Dr.  Christian  R.  H.  Raetz, 

Merck,  Sharp  and  Dohme  Research  Laboratories,  Division  of  Merck 
and  Co.,  Inc.,  P.O.  Box  2000,  Rahway,  NJ  07065. 

Dr.  Mangala  Rao, 

Membrane  Biochemistry,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.  20307,  202-576-3545. 

Dr.  Elmer  Reist, 

Bio-Organic  Chemistry  Laboratory,  SRI  International,  333 
Ravenswood  Ave.,  Menlo  Park,  CA  94025,  415-859-3543. 

Dr.  Robert  M.  Rice, 

Biological  Systems,  USAMMDA,  Fort  Detrick,  Frederick,  MD 
20702,  301-663-7661. 

Dr.  Roberta  L.  Richards, 

Membrane  Biochemistry,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.  20307,  202-576-3940. 

Prof.  Dr.  Ernst  Th.  Rietschel, 

Institut  fur  Experimentelle  Biologie  und  MedIzin, 
Forschungsinstitut  Borstel,  Parkallee  1-40,  D  2061,  Germany, 

Dr.  Einar  Rosenqvist, 

Vaccine  Dep.,  National  Inst,  of  Public  Health,  Geitmyrsveien  75 
0462  Oslo  4-Norway. 

Dr.  Jon  A.  Rudbach, 

Ribi  ImmunoChem  Research,  Inc.,  P.O.  Box  1409,  Hamilton,  MT 
59840,  406-363-6214. 

Dr.  Jerald  C.  Sadoff, 

Walter  Reed  Army  Institute  of  Research,  Washington,  D.C,  20307. 
Dr.  Martha  Sedegah, 

Malaria  Program,  Naval  Medical  Research  Institute,  12300 
Washington  Ave.,  Rockville,  MD  20852,  301-295-2000. 

Dr.  M.  Slaoui, 

Molecular  and  Cellular  Biology,  Smith  Kline  Beecham  Biologicals, 
89  Rue  de  I'inotitut  330,  Rixemart,  Belgium. 

Dr.  H.  Snippe, 

Medical  Microbiology,  Eijkman-Winkler  Laboratory  of  Medical 
Microbiology,  Medical  School  AZU  G  04.614,  Heidelberglaan  100, 
3584  CX  Ultrecht,  The  Netherlands, 

Dr.  P.  Stuetz, 

Sandoz  Forschungsinstitut  Gesellschaft  M.  B,  H.,  Brunner  Strasse 


4 


59,  A-1235  Wien,  Austria. 

Dr.  Kuni  Takayama, 

Mycobacteriology  Research  Lab.,  William  S.  Middleton  Memorial 
Veterans  Hospital,  2500  Overlook  Terrace,  Madison,  Wl  53705. 

Dr.  Nobumasa  (Nobi)  Tanaka, 

US-Japan  Science  Consulting  Services,  Inc.,  72  Paxwood  Road, 
Delmar,  NY  12054,  518-439-8334. 

Dr.  Chao-Ming  Tsai, 

Bacterial  products.  Center  for  Biologies,  FDA,  8800  Rockville 
Pike,  Bethesda,  MD  20892,  301-496-2154. 

Dr.  J.  Terry  Ulrich, 

Infectious  Disease  Research,  Ribi  ImmunoChem  Research,  Inc., 
P.O.  Box  1409,  Hamilton,  MT  59840,  406-363-6214. 

Dr.  Stephanie  Vogel, 

Microbiology,  Uniformed  Services  University  of  the  Health 
Sciences,  4301  Jones  Bridge  Road,  Bethesda,  MD  20814,  301- 
295-3446/7. 

Dr.  Frederick  R.  Vogel, 

Lederle  Biologicals,  Lederle  Laboratories,  Lederle  Laboratories 
Bldg.  114/100,  Pearl  River,  NY  10965,  914-732-4481. 

Dr.  Shaw  Warren, 

Infectious  Diseases,  Massachusetts  General  Hospital,  Gray  5, 
Mass.  General  Hospital,  Fruit  St.,  Boston,  MA  02114,  617-726- 
5772. 

Dr.  Nabila  M.  Wassef, 

Membrane  Biochemistry,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.  20307,  202-576-3528. 

Dr.  Richard  O.  Williams, 

Research  and  Development,  IGEN,  Inc.,  1530  E.  Jefferson  St., 
Rockville,  MD  20852,  301-984-8000. 

Dr.  Scott  Winston, 

Univax  Biologies  Inc.,  12111  Parklawn  Drive,  Rockville,  MD 
20852,  301-770-3099. 

Dr.  James  F.  Young, 

Medimmune,  Inc.,  19  Firstfield  Road,  Gaithersburg,  MD  20878, 
301-590-2642. 


THIS  DOCUMENT  HAS  NO  MISSING  PAGES 


REPORT  IS  MISNUMBERED 


